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production	(such	as	agriculture	land,	water,	and	soil	nutrients)	and	the	productivity	of	those	
resources.		The	productivity	of	those	resources	often	depends	heavily	on	external	inputs,	especially	in	
high	income	countries.	This	reliance	increases	with	increasing	consumption	of	meat,	a	particularly	
resource-intensive	human	food.		As	Rivers	Cole	and	McCoskey	(2013)	note,	consumption	of	meat	
increases	with	increasing	income.		Meat	production	is	likely	to	put	substantially	more	pressure	on	
global	environmental	resources	as	the	emerging	economies	and	demand	for	meat	continue	to	grow,	
further	increasing	reliance	on	external	inputs.		Such	reliance	on	external	resources	may	make	food	
systems	more	sensitive	to	external	shocks,	and	therefore,	more	vulnerable	(Ericksen	2008).		In	the	
agricultural	production	stage,	external	non-renewable	resources	include	synthetic	fertilizer,	
pesticides,	hybrid	seed,	fossil	fuel-based	energy	sources,	and	partly	also	water.		In	this	section,	we	
examine	causal	mechanisms	that	might	create	but	also	mask	vulnerability	of	food	supply	to	the	
availability	and	impacts	of	external	non-renewable	resources.			
	
Resource	productivity	is	also,	at	least	partly,	determined	by	the	condition	of	environmental	resources	
(for	readability,	intermediate	variables	such	as	soil	fertility	and	the	nutrient	cycles	that	link	relative	
resource	condition	to	resource	productivity	are	omitted	from	Figure	5).	The	flows	affecting	the	
resource	condition	are	determined,	among	other	things,	by	the	implemented	agricultural	production	
system.		Agricultural	production	systems	are	characterized	by	the	type	and	amount	of	external	inputs	
necessary	to	support	production,	by	their	productivity,	and	by	their	environmental	impacts.		In	this	
example,	we	differentiate	between	two	main	agricultural	production	systems	(e.g.,	Aune	2012):	
	
• High	external	input	production	systems.		These	are	characterized	by	a	commercial	market	
orientation,	use	of	improved	high-yielding	varieties,	mechanization	with	low	labor	intensity,	
almost	complete	reliance	on	external	synthetic	inputs	such	as	fertilizers,	pesticides,	and	
pharmaceuticals	in	livestock	production.		High	external	input	systems	tend	to	overexploit,	and	
degrade	productive	resources	(e.g.,	Tilman	et	al.	2002).	
• Low	external	input	production	systems.		Low-external-input	farming	reduces	as	much	as	possible	
the	use	of	external	inputs	like	pesticides,	herbicides	and	synthetic	fertilizers	and	replaces	them	
with	internal	inputs.	Diversification	of	crops	and	animals,	crop	rotation,	and	organic	matter	cycles	
are	key	concepts	and	help	rebuilding	and	maintaining	stocks	of	productive	resources.	Techniques	
vary	from	the	use	of	traditional	knowledge	to	use	of	modem	bacterial	herbicides	and	insecticides	
that	replace	their	synthetic	equivalents	(Milner	and	van	Bueningen	1993).		Low	external	input	
agriculture	is	less	capital-	but	more	labor-	and	knowledge-intensive.		
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Figure	5:	Feedback	mechanisms	that	unveil	and	explain	vulnerability	of	food	systems	to	the	
availability	and	impacts	of	external	non-renewable	resources	
	
Figure	5	shows	how	these	two	systems	can	be	represented	in	a	diagram	that	includes	both	stocks	and	
flows	and	causal	loops.		The	causal	mechanisms	shown	in	Figure	5	describe	the	extent	to	which	each	
production	system	is	implemented,	based	on	the	logic	of	the	“success	to	the	successful”	archetype	
(Senge	1990).		The	variables	investment	to	high	external	input	and	investment	to	low	external	input	
agriculture	represent	the	potential	productivity	(e.g.,	yield)	of	the	two	production	systems,	while	the	
variables	success	of	high	external	input	and	success	of	low	external	input	agriculture	represent	the	
realization	of	the	potential	productivity	of	the	two	systems.		Success	of	each	system	depends	on	
investment	in	the	system.		Investment,	in	turn,	is	determined	by	how	attractive	the	production	
systems	are	relative	to	each	other,	which	is	again	a	function	of	how	successful	each	system	is	(e.g.,	
Rozman	et	al.	2013).		In	this	way,	the	production	system	with	the	higher	investment	dominates	and	
the	other	fades	away.		There	is	a	delay	between	investment	and	success	of	low	external	input	
agriculture	in	Figure	5	(indicated	by	the	double	slash	on	the	causal	link).		This	represents	the	time	it	
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takes	to	develop	the	necessary	skills	for	the	use	of	low	external	input	techniques	and	practices	with	
farmers	(Milner	and	van	Bueningen	1993).	
	
Analysis	of	system	behavior	and	vulnerability	III	
The	feedback	mechanism	in	Figure	5	shows	that	when	fossil	fuel	is	available	and	inexpensive	(external	
input	costs	are	low),	there	is	strong	incentive	to	continue	to	use	external	inputs	such	as	fertilizer	and	
pesticides	to	boost	crop	yields	(Sundkvist	et	al.	2005).		Lower	external	input	costs	decrease	the	
attractiveness	of	low	external	input	agriculture	and	increase	the	attractiveness	of	high	external	input	
agriculture.		The	success	of	the	high	external	inputs	production	paradigm	reinforces	itself	and	forces	
the	alternative	production	paradigm,	one	that	treats	natural	resources	in	a	regenerative	way,	into	a	
reinforcing	spiral	away	from	low	external	input	production		–	a	vicious	cycle.			
	
Once	the	costs	of	external	inputs	increase	and	their	availability	decreases,	it	takes	a	long	time	for	the	
low	external	input	agriculture	paradigm	to	become	effective.		The	dominance	of	the	high	external	
input	paradigm	erodes	the	knowledge	base	necessary	for	a	successful	implementation	and	
continuous	adaptation	of	the	low	external	input	agriculture	paradigm.		In	addition,	the	success	of	low	
external	input	agriculture	depends	on	the	health	of	natural	resources	(resource	condition)	as	this	
production	paradigm	has	no	way	of	substituting	synthetic	for	natural	resources	to	increase	
productivity.		These	barriers	to	a	swift	transition	from	the	high	to	the	low	external	input	agriculture	
paradigm	indicate	a	hidden	source	of	vulnerability	of	food	systems	and	especially	one	that	is	time	
consuming	to	overcome.			
	
The	health	of	natural	resources	(resource	condition)	is	a	proxy	for	options	for	adaptation	and	
alternative	solutions	in	case	of	changes	in	the	environment	such	as	climatic	shocks	or	pests	and	
pathogens.		Low	health	of	natural	resources	indicates	low	diversity	and	diversity	is	important	for	
absorption	of	shocks,	adaptation	and	alternative	solutions	(Berkes	et	al.	2003).		The	diversity	inherent	
in	low	external	input	farming	systems	makes	it	more	likely	that	the	farming	system	can	cope	with	such	
changes.			
	
The	farther	away	the	natural	resource	base	moves	from	an	optimal	level	of	natural	resources,	the	
greater	the	need	for	regenerating	natural	resources	(desired	regeneration).		Regeneration,	however,	
is	limited	by	two	main	factors	(not	shown	in	Figure	5	for	readability	purposes).		One	is	the	fact	that	
the	use	of	external	inputs	lowers	the	motivation	of	food	system	actors	to	rebuild	and	maintain	the	
natural	resource	base	of	food	systems	as	natural	resources,	at	least	in	the	short	run,	can	easily	be	
substituted	by	external	inputs	(Sundkvist	et	al.	2005).		Another	is	the	increase	in	the	time	to	perceive	
changes	in	food-related	environmental	resources	as	distances	from	production	to	consumption	grow.	
Greater	distances	(more	food-miles)	impede	the	flow	of	information	in	the	food	system	and	decrease	
the	possibilities	to	make	informed	decisions	on	management	and	consumption	(Sundkvist	et	al.	2005),	
that	is,	desired	regeneration	is	reduced.			
	
Discussion		
	
The	objective	of	this	paper	was	to	demonstrate	how	system	dynamics	diagrams	can	be	used	to	show	
where	complex	food	systems	might	be	vulnerable	to	external	disturbance	and	how	causal	pathways	
transmit	their	effects.		We	developed	three	progressively	more	specific	maps	describing	the	causal	
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structures.	The	first	map	(Figure	3,	system	conceptualization	I)	is	a	high-level	conceptual	diagram	
connecting	the	food	supply	chain	with	the	population	and	environment	sectors,	identifying	feedback	
relationships	between	sectors	and	key	stocks	by	sector.			
	
The	next	two	maps	show	examples	of	how	system	dynamics	helps	us	think	about	causal	relationships	
important	for	understanding	food	system	vulnerabilities	by	describing	causal	links	by	type.		One	type	
of	causal	link	is	material	flow,	in	which	the	level	of	a	variable	changes	over	time	as	a	function	of	the	
rates	at	which	quantities	are	added	and	removed.		Another	type	of	causal	link	is	information	flow,	
which	can	be	thought	of	as	decision	rules,	or	signals,	that	govern	the	way	flow	rates	change.		The	
second	map	(Figure	4,	system	conceptualization	II)	focused	on	a	section	of	the	food	system	where	the	
causal	relations	are	mostly	material	flows.		The	third	map	(Figure	5,	system	conceptualization	III)	
focused	on	a	section	of	the	system	in	which	information	flows	make	up	a	large	part	of	the	causal	
structure	and	shows	how	causal	links	can	connect	to	form	feedback	loops.		This	example	describes	
feedback	loops	that	determine	the	extent	to	which	nutrients	required	for	agricultural	production	are	
sourced	from	external	versus	internal	inputs.		Similar	analyses	could	be	done	to	examine	the	diffusion	
patterns	of	alternative	technologies	or	consumption	patterns,	organizational	structures	in	the	supply	
chain,	or	price	formation	and	market	dynamics,	if	they	were	relevant	to	explaining	the	variation	in	
food	supply	in	a	particular	application.	
	
We	used	these	three	maps	to	discuss	pathways	by	which	shocks	and	stressors	affect	food	systems.		A	
qualitative	analysis	of	the	maps	showed	that	food	system	vulnerability	does	not	only	or	automatically	
result	from	exogenous	shocks.		Instead,	it	can	be	either	intensified	or	reduced	by	the	interaction	of	
feedback	loops	in	the	food	system.		These	kinds	of	causal	maps	help	focus	thinking	about	
vulnerabilities	on	the	structure	of	the	system	rather	than	on	events	that	might	shock	the	system.			
	
How	can	this	approach	promote	food	system	resilience?	
	
In	addition	to	raising	the	question	of	how	food	systems	in	high	income	countries	might	be	vulnerable,	
Marten	(2015,	this	issue)	also	asked	what	specific	practical	actions	‘scientists,	teachers,	and	other	
environmental	and	food-system	professionals	could	take	in	research,	education,	community	action,	or	
other	means	to	make	the	food	system	more	resilient.’		The	main	product	of	this	paper	is	a	framework	
with	examples	that	can	be	applied	to	any	food	system	to	identify	types	of	disturbance,	where	they	
would	occur,	qualitatively	what	effect	they	would	have,	and	whether	they	would	likely	be	amplified	or	
absorbed	by	the	system.		The	framework	facilitates	the	generation	of	qualitative	system	maps,	which	
serve	as	an	initial	step	for	exploring	structural	features	that	generate	dynamic	behavior.		They	provide	
a	parsimonious	view	of	links	between	population,	food	activities,	and	environmental	conditions	that	is	
transparent	and	internally	consistent,	and	allows	initial	exploration	of	tradeoffs	in	the	system	
(Kopainsky	and	Luna-Reyes	2008;	Repenning	2002).	The	maps	developed	here	present	a	general	
overview	of	industrialized	food	systems	for	the	purpose	of	illustrating	how	to	use	system	dynamics	
diagramming	techniques	to	examine	food	system	structure.		They	show	general	system	feedback	
mechanisms	and	points	of	vulnerability.		To	identify	specific	actions	and	potential	policies	for	
increasing	the	resilience	of	any	particular	food	system,	the	structural	maps	would	have	to	be	
customized	to	that	system.	However,	although	our	paper	focused	primarily	on	how	to	think	about	
food	supply	vulnerability	rather	than	the	question	of	what	can	be	done	to	promote	food	system	
resilience,	the	use	of	system	dynamics	diagrams	to	make	food	system	structure	visible	does	have	
practical	implications	for	promoting	resilience.		
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Causal	loop	and	stock-and-flow	diagrams	are	often	used	as	an	intermediate	step	between	internal	
representations	or	verbal	descriptions	of	a	problem	and	a	formal	simulation	model	(Lane	2008).		
Researchers	use	structural	diagrams	to	organize	their	knowledge	about	a	system	and	as	a	first	step	
toward	developing	an	explanatory	model,	managers	and	policy-makers	use	diagrams	to	identify	
leverage	points	in	the	system	for	intervening	to	change	the	system’s	output	or	outcomes.		But	visual	
representations	have	value	on	their	own	for	facilitating	individual	and	collaborative	reasoning	(Black	
2013;	Hoffman	2011).		Hoffman	(2011:193)	argues	that	diagrams	allow	individuals	to	‘reflect	on	
something	without	being	constrained	by	the	limits	of	one’s	short-term,	or	working	memory,	clarify	
and	coordinate	confused	ideas	and	implicit	assumptions	about	a	problem,	identify	knowledge	gaps,	
play	with	interpretations,	discover	contradictions,	distinguish	the	essential	from	the	peripheral,’	
among	other	things.		Giardino	(2013:240)	describes	a	diagram	as	“an	external	representation	which	is	
potentially	public.”		It	transforms	an	internal	representation	or	mental	models	into	a	form	that	can	be	
shared	with	others.		In	this	way,	they	can	serve	as	a	platform	for	collaborative	problem-solving.		Black	
(2013)	explains	how	system	dynamics	structural	diagrams	co-created	by	a	group	of	stakeholders	can	
serve	as	boundary	objects,	visual	artifacts	that	allow	stakeholders	to	locate	themselves	in	the	system	
relative	to	others	and	see	how	their	concerns	connect	to	the	concerns	of	other	stakeholders.		These	
visual	representations	promote	collaboration	across	disciplinary,	social,	or	other	boundaries.		
Diagrams	can	aid	reasoning	in	groups	by	focusing	the	group’s	attention,	stimulating	the	“negotiation	
of	meaning”	of	the	diagram,	and	fostering	understanding	of	differing	perspectives	(Hoffman	
(2011:193).	Hovmand	(2014)	develops	system	dynamics	diagrams	with	community	groups	to	facilitate	
collaborative	problem-solving	about	issues	as	diverse	as	community	health	and	access	to	financial	
institutions.		These	uses	of	systems	diagrams—for	organizing	knowledge,	developing	a	shared	
representation	for	collaboration,	co-creating	boundary	objects	to	link	diverse	stakeholders,	facilitating	
community	problem-solving—are	also	applicable	to	issues	of	food	system	vulnerability	and	resilience.		
Diagrams	that	make	the	structure	of	these	complex	systems	visible	to	consumers	and	other	
stakeholders	can	begin	to	engage	stakeholders	in	discussions	about	food	system	vulnerabilities	or	
actions	to	promote	system	resilience.			
	
In	policy-making	and	collaboration	around	action,	qualitative	maps	can	help	shift	the	discussion	away	
from	ineffective	single	intervention	approaches	towards	solutions	more	appropriate	for	complex	
problems	(Finegood	et	al.	2010).		In	our	example	of	the	competition	between	high	and	low	external	
input	paradigms,	for	example,	the	map	illustrates	the	continuously	increasing	dominance	of	one	
paradigm	over	the	other.		An	implication	of	this	for	designing	an	intervention	to	promote	resilience	is	
that	shifting	this	dominance,	e.g.	from	the	high	external	input	to	the	low	external	input	paradigm,	
requires	a	long-term	perspective.		Policy	interventions	need	to	strengthen	research	and	development	
for	low	external	input	agriculture	and	knowledge	accumulation	with	farmers	and	other	food	system	
stakeholders	on	how	to	implement	such	a	paradigm.		None	of	these	processes	shows	immediate	
results	that	quickly	increase	the	attractiveness	of	the	low	versus	the	high	external	input	paradigm.		
Policy	interventions	to	strengthen	low	external	input	agriculture	thus	need	to	be	implemented	over	
long	periods	of	time	and	be	substantial	enough	to	shift	the	direction	of	the	attractiveness	loops	in	
favor	of	low	external	input	agriculture.		This	is	different	from	prevailing	policy	approaches	that	aim	for	
quick	results	to	demonstrate	their	effectiveness.		Special	emphasis	thus	needs	to	be	put	on	
communicating	the	need	for	alternative	policy	approaches	and	on	their	preliminary	success	on	small	
scales	and	in	pilot	cases.	
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This	analysis	started	with	a	question	about	how	apparently	stable	food	systems	in	high	income	
countries	like	the	U.S.	could	be	vulnerable	to	external	disturbances	that	might	disrupt	the	food	
supply.	This	vulnerability	assessment	asks,	in	essence:	what	are	the	threats	to	the	stability	and	
security	of	the	existing	food	system,	and	how	can	we	keep	it	stable?	We	suggest	that	the	existing	food	
system	is	not	simply	under	threat	from	external	disturbances,	but	that	the	internal	structure	of	a	
system	that	provides	diverse,	inexpensive,	and	convenient	products	at	the	expense	of	intensive	
resource	use	and	reliance	on	external	inputs	might	itself	not	be	stable	for	the	long-term.		This	implies	
that	further	assessment	of	vulnerabilities	should	examine	internal	threats	to	food	supply	stability	that	
arise	from	system	structure	more	closely	and	find	ways	to	make	the	system	more	sustainable,	both	
independent	of	and	in	combination	with	external	threats.	
	
Additional	resources	
	
There	are	many	sources	for	more	information	about	system	dynamics	model	formulation	and	
philosophy.	These	include:	Ford	(2010),	Richardson	(2011),	Sterman	(2000),	Vennix	(1996),	and	
Hovmand	(2014).			For	examples	of	particular	applications	of	fully	operational	system	dynamics	
simulation	models	to	food	system	issues,	see	the	following:		models	of	crop	growth	and	management	
(e.g.,	Yin	and	Struik	2010),	nutrient	dynamics	(e.g.,	Saysel	2014),	soil	degradation	(e.g.	Saysel	and	
Barlas	2001),	development	of	environmentally	friendly	farm	systems	(e.g.,	Belcher	et	al.	2004;	Shi	and	
Gill	2005),	irrigation	systems	design	and	management	(e.g.,	Saysel	et	al.	2002),	food	supply	and	
security	(e.g.,	Conrad	2004;	Georgiadis	et	al.	2005),	commodity	markets	(e.g,	Nicholson	and	
Stephenson	2014;	Nicholson	and	Kaiser	2008),	agricultural	development	policy	(e.g.,	Kopainsky	et	al.	
2015;	Züllich	et	al.	2015)	and	vulnerability	analysis	of	high	versus	low	external	input	farming	systems	
(Pedercini	et	al.	2015).		
	
Acknowledgements	
We	thank	the	students	in	the	2013/2014	cohort	of	the	European	Master	in	System	Dynamics	program	
for	their	contributions	to	an	initial	version	of	the	expanded	stock	and	flow	structure	(Figure	4).		One	of	
the	authors	(BK)	was	supported	by	the	Norwegian	Research	Council	through	the	project	“Simulation	
based	tools	for	linking	knowledge	with	action	to	improve	and	maintain	food	security	in	Africa”	
(contract	number	217931/F10).		The	views	and	conclusions	expressed	in	this	paper	are	those	of	the	
authors	alone	and	do	not	necessarily	reflect	the	views	of	the	Norwegian	Research	Council.		We	also	
thank	the	editors	of	this	special	issue	for	initiating	the	symposium	discussion	of	vulnerability	and	
resilience	in	modern	food	systems	and	for	their	invaluable	feedback	on	this	paper.	
	
Conflict	of	interest	
The	authors	declare	no	conflict	of	interest.	
	
References		
Abbott	P	(2014)	Lessons	from	Recent	Stocks	Adjustments	and	their	Measurement.		FAO	Expert	
Meeting	on	Stocks,	Markets	and	Stability.	FAO,	Rome,	30-31	January	2014	Retrieved	4/6/15	
from:	http://www.fao.org/economic/est/est-events-new/stocks/en/		
24	
Adger	WN	(2006)	Vulnerability.	Global	Environmental	Change,	16:	268-281.		
Aune	JB	(2012)	Conventional,	Organic	and	Conservation	Agriculture:	Production	and	Environmental	
Impact.	In:	Lichtfouse	E	(ed.)	Agroecology	and	Strategies	for	Climate	Change,	Vol.	8.	Springer	
Netherlands,	pp	149-165	
Belcher	KW,	Boehm	MM,	Fulton	ME	(2004)	Agroecosystem	sustainability:	a	system	simulation	model	
approach.	Agricultural	Systems,	79(2):225-241.	doi:	http://dx.doi.org/10.1016/S0308-
521X(03)00072-6	
Berkes	F,	Colding	J,	Folke	C	(2003)	Navigating	Social-Ecological	Systems.	Building	Resilience	for	
Complexity	and	Change.	Cambridge	University	Press,	New	York.	
Black	LJ	(2013)	When	visuals	are	boundary	objects	in	system	dynamics	work.	System	Dynamics	
Review,	29(2):70-86.	doi:	10.1002/sdr.1496	
Conrad	SH	(2004)	The	dynamics	of	agricultural	commodities	and	their	response	to	disruptions	of	
considerable	magnitude.	Proceedings	of	the	22nd	International	Conference	of	the	System	
Dynamics	Society,	Oxford,	England	
Croson	R,	Donohue	K,	Katok	E,		Sterman	J	(2014)	Order	stability	in	supply	chains:	Coordination	risk	
and	the	role	of	coordination	stock.	Production	and	Operations	Management,	23(2):176-196.	
doi:	10.1111/j.1937-5956.2012.01422.x	
Eakin	H	(2010)	What	is	Vulnerable?	In:	Ingram	JSI,	Ericksen	PJ,	Liverman	D	(eds.)	Food	Security	and	
Global	Environmental	Change.	Earthscan,	London	&	Washington	DC,	pp.	78-86	
Edwards-Jones	G		(2010)	Does	eating	local	food	reduce	the	environmental	impact	of	food	production	
and	enhance	consumer	health?	Proceedings	of	the	Nutrition	Society	69:582–591	
Edwards-Jones	G,	Mila`	i	Canals	L,	Hounsome	N,	Truninger	M,	Koerber	G,	Hounsome	B,	Cross	P,	York	
EH,	Hospido	A,	Plassmann	K,		Harris	IM,		Edwards	RT,	Day	GAS,	Tomos	AD,	Cowell	SJ,	Jones		DL	
(2008)	Testing	the	assertion	that	‘local	food	is	best’:	the	challenges	of	an	evidence-based	
approach.	Trends	in	Food	Science	&	Technology	19:265-274	
Ericksen	PJ	(2008)	Conceptualizing	food	systems	for	global	environmental	change	research.	Global	
Environmental	Change,	18(1):234-245		
Ericksen	PJ,	Steward	B,	Dixon	J,	Barling	D,	Loring	P,	Anderson	M,	Ingram	JSI	(2010a)	The	Value	of	a	
Food	System	Approach.	In:	Ingram	JSI,	Ericksen	PJ,	Liverman	D	(eds.)	Food	Security	and	Global	
Environmental	Change.	Earthscan,	London	&	Washington	DC,	pp.	25-45	
Ericksen	PJ,	Bohle	HG,	Stewart	B	(2010b)	Vulnerability	and	Resilience	of	Food	Systems.	In:	Ingram	JSI,	
Ericksen	PJ,	Liverman	D	(eds.)	Food	Security	and	Global	Environmental	Change.	Earthscan,	
London	&	Washington	DC,	pp.	67-77	
Finegood	DT,	Merth	TDN,	Rutter	H	(2010.	Implications	of	the	foresight	obesity	system	map	for	
solutions	to	childhood	obesity.	Obesity,	18(S1),	S13-S16.	doi:	10.1038/oby.2009.426	
Ford	A	(2010)	Modeling	the	Environment	(Second	Edition).	Island	Press,	Washington	DC	
Forrester	JW	(1961)	Industrial	dynamics.	MIT	Press,	Cambridge	MA	
FrameWorks	Institute	(2005)	All	Trees	and	No	Forest:	How	Advocacy	Paradigms	Obscure	Public	
Understanding	of	the	Food	System.	Washington,	DC.	Retrieved	8/31/14	from	
25	
http://www.frameworksinstitute.org/assets/files/PDF_FoodSystems/food_systems_expert_int
erviews.pdf	
FrameWorks	Institute	(2006a)	Conceptualizing	US	Food	Systems	With	Simplifying	Models:	Findings	
From	TalkBack	Testing.	Washington,	DC.	Retrieved	3/12/14	from	
http://www.frameworksinstitute.org/assets/files/PDF_FoodSystems/food_systems_simplifyin
g_models.pdf	
FrameWorks	Institute	(2006b)	Framing	the	Food	System:	A	FrameWorks	Message	Memo.	
Washington,	DC.	Retrieved	8/31/14	from	
http://www.frameworksinstitute.org/assets/files/PDF_FoodSystems/food_systems_message_
memo.pdf	
Galtier	F	(2014)	Which	role	for	storage	policies	in	managing	grain	price	instability?	Some	insights	from	
a	thought	experiment.	FAO	Expert	Meeting	on	Stocks,	Markets	and	Stability.	FAO,	Rome,	30-
31	January	2014	Retrieved	4/6/15	from:	
http://www.fao.org/fileadmin/templates/est/meetings/stocks/Galtier_Article_on_storage_po
licies.pdf		
Garnett	T		(2011)	Where	are	the	best	opportunities	for	reducing	greenhouse	gas	emissions	in	the	food	
system	(including	the	food	chain)?		Food	Policy	36:S23–S32	
Georgiadis	P,	Vlachos	D,	Iakovou	E	(2005)	A	system	dynamics	modeling	framework	for	the	strategic	
supply	chain	management	of	food	chains.	Journal	of	Food	Engineering,	70(3):	351-364.	doi:	
http://dx.doi.org/10.1016/j.jfoodeng.2004.06.030 
Gerbens-Leenes	PW,	Nonhebel	S	(2002)	Consumption	patterns	and	their	effects	on	land	required	for	
food.		Ecological	Economics,	42:185–199	
Giardino	V	(2013)	Towards	a	diagrammatic	classification.	The	Knowledge	Engineering	Review	
28(3):237-248	
Gustavsson	J,	Cederberg	C,	Sonesson	U,	van	Otterdijk	R,	Meybeck	A	(2011)	Global	Food	Losses	and	
Food	Waste.	Extent,	Causes	and	Prevention.	Food	and	Agriculture	Organization	of	the	United	
Nations	(FAO),	Rome	
Hammond	RA,	Dubé	L	(2012)	A	systems	science	perspective	and	transdisciplinary	models	for	food	and	
nutrition	security.	Proceedings	of	the	National	Academy	of	Sciences,	109(31):12356-12363.	
doi:	10.1073/pnas.0913003109	
Hoffman	MHG	(2011)	Cognitive	conditions	of	diagrammatic	reasoning.	Semiotica,	186(1):189-212.	
Hovmand	PS	(2014)	Community	Based	System	Dynamics.	Springer,	New	York	et	al.	
Ingram	JSI,	Brklacich	M	(2002)	Global	environmental	change	and	food	systems	-	GECAFS:	A	new	
interdisciplinary	research	project.	Die	Erde,	133:427-435		
IPCC	(2001)	Climate	Change	2001:	Impacts,	Adaptation	and	Vulnerability.	Summary	for	Policy	Makers.	
World	Meteorological	Organisation	(WMO),	Geneva	
Kopainsky	B,	Huber	R,	Pedercini	M	(2015)	Food	provision	and	environmental	goals	in	the	Swiss	agri-
food	system:	System	dynamics	and	the	social-ecological	systems	framework.	Systems	
Research	and	Behavioral	Science,	forthcoming	
26	
Kopainsky	B,	Luna-Reyes	LF	(2008)	Closing	the	loop:	Promoting	synergies	with	other	theory	building	
approaches	to	improve	system	dynamics	practice.	Systems	Research	and	Behavioral	Science,	
25(4):471-486		
Lane	DC	(2008)	The	emergence	and	use	of	diagramming	in	system	dynamics:	A	critical	account.	
Systems	Research	and	Behavioral	Science,	25(1):3-23	
Leichenko	RM,	O’Brien	KL	(2008)	Environmental	Change	and	Globalization:	Double	Exposures.	Oxford	
University	Press,	Oxford	
Lengnick	L	(2014)	Resilient	Agriculture.	Cultivating	Food	Systems	for	a	Changing	Climate.	New	Society	
Publisher,	Gabriola	Island	
Lines	T	(2014)	Commodity	Stocks	and	Supply	Management.	FAO,	Rome,	30-31	January	2014	Retrieved	
4/6/15	from:	http://www.fao.org/economic/est/est-events-new/stocks/en/		
Liverman	D,	Kapadia	K	(2010)	Food	Systems	and	the	Global	Environment:	An	Overview.	In:	Ingram	JSI,	
Ericksen	PJ,	Liverman	D	(eds.)	Food	Security	and	Global	Environmental	Change.	Earthscan,	
London	&	Washington	DC,	pp.	3-24	
Marten	GG	(2015)	Introduction	to	the	symposium	on	American	food	resilience.	J	Environ	Stud	Sci	
5(3):XX-XX	
Meadows	DL	(1970)	Dynamics	of	Commodity	Production	Cycles.	MIT	Press,	Cambridge	MA		
Milner	S,	van	Bueningen	C	(1993)	Conversation	with	the	counter-revolutionaries.	Ceres.	The	FAO	
Review,	25(6)		
Misselhorn	A,	Eakin	H,	Devereux	S,	Drimie	S,	Msangi	S,	Simelton	E,	Stafford-Smith	M	(2010)	
Vulnerability	to	What?	In:Ingram	JSI,	Ericksen	PJ,	Liverman	D	(eds.)	Food	Security	and	Global	
Environmental	Change.	Earthscan,	London	&	Washington	DC,	pp.	87-114	
Neff	R,	Lawrence	RS	(2015)	Food	Systems.	In:Neff	R	(ed.)	Introduction	to	the	US	Food	System:	Public	
Health,	Environment,	and	Equity.	Jossey-Bass,	San	Francisco,	pp.	1-22	
Nicholson	CF,	Stephenson	MW	(2014)	Modeling	Government	Intervention	in	Agricultural	Commodity	
Markets:	U.	S.	Dairy	Policy	Under	the	Agricultural	Act	of	2014.	Plenary	Paper,	Proceedings	of	
the	32nd	International	Conference	of	the	System	Dynamics	Society,	Delft,	Netherlands,	July	
20-24,	2014			
Nicholson	CF,	Kaiser	HM	(2008)	Dynamic	Impacts	of	Generic	Dairy	Advertising.	Journal	of	Business	
Research,	61:1125-1135		
Pedercini	M,	Züllich	G,	Dianati	K	(2015)	Fertilizer	Addiction:	Implications	for	Sustainable	Agriculture.	
Global	Sustainable	Development	Report	2015	Brief	
PSEPC	(Public	Safety	and	Emergency	Preparedness	Canada)	(2005)	“Impact	of	September	2000	Fuel	
Price	Protests	on	UK	Critical	Infrastructure.”	Incident	Analysis	IA05-001.	IWS	–	The	Information	
Warfare	Site.	Retrieved	5/5/15	from	http://www.iwar.org.uk/cip/resources/PSEPC/fuel-price-
protests.htm		
Reisch	L,	Eberle	U,	Lorek	S	(2013)	Sustainable	food	consumption:	an	overview	of	contemporary	issues	
and	policies.	Sustainability:	Science,	Practice,	&	Policy,	9(2):7-25	
Repenning	NP	(2002)	A	simulation-based	approach	to	understanding	the	dynamics	of	innovation	
implementation.	Organization	Science,	13(2):109-127		
27	
Richardson	G,	Pugh	A	(1981)	Introduction	to	System	Dynamics	Modeling	with	DYNAMO.	MIT	Press,	
Cambridge	MA		
Richardson	GP	(2011)	Reflections	on	the	foundations	of	system	dynamics.	System	Dynamics	Review,	
27(3):219-243.	doi:	10.1002/sdr.462	
Rivers	Cole	J,	McCoskey	S	(2013)	Does	global	meat	consumption	follow	an	environmental	Kuznets	
curve?	Sustainability:	Science,	Practice,	&	Policy,	9(2):	26-36	
Rozman	Č,	Pažek	K,	Kljajić	M,	Bavec	M,	Turk	J,	Bavec	F,	.	.	.	Škraba	A	(2013)	The	dynamic	simulation	of	
organic	farming	development	scenarios	–	A	case	study	in	Slovenia.	Computers	and	Electronics	
in	Agriculture,	96:	163-172.	doi:	http://dx.doi.org/10.1016/j.compag.2013.05.005	
Sadler	RC,	Gilliland	JA,	Arku	G	(2014)	Stakeholder	and	Policy	Maker	Perception	of	Key	Issues	in	Food	
Systems	Planning	and	Policy	Making.		Journal	of	Hunger	&	Environmental	Nutrition,	9(1):	1-15,	
DOI:	10.1080/19320248.2013.845867	
Saysel	AK	(2014)	Analyzing	soil	nitrogen	management	with	dynamic	simulation	experiments.	
Proceedings	of	the	32nd	International	Conference	of	the	System	Dynamics	Society,	July	19-24,	
2014,	Delft,	The	Netherlands	
Saysel	AK,	Barlas	Y	(2001)	A	dynamic	model	of	salinization	on	irrigated	lands.	Ecological	Modelling,	
139(2–3):177-199.	doi:	http://dx.doi.org/10.1016/S0304-3800(01)00242-3	
Saysel	AK,	Barlas	Y,	Yenigün	O	(2002)	Environmental	sustainability	in	an	agricultural	development	
project:	a	system	dynamics	approach.	Journal	of	Environmental	Management,	64(3):247-260.		
Senge	PM	(1990)	The	fifth	discipline:	The	art	and	practice	of	the	learning	organization.	Doubleday,	
New	York	
Seyfang	G	(2006)	Ecological	citizenship	and	sustainable	consumption:	Examining	local	organic	food	
networks.	Journal	of	Rural	Studies,	22(4):	383-395.	doi:	
http://dx.doi.org/10.1016/j.jrurstud.2006.01.003	
Sharkey	JR,	Dean	WR,	Nalty	CC,	Xu	J		(2013)	Convenience	stores	are	the	key	food	environment	
influence	on	nutrients	available	from	household	food	supplies	in	Texas	Border	Colonias.	BMC	
Public	Health	2013,	13:45	
Shi	T,	Gill	R	(2005)	Developing	effective	policies	for	the	sustainable	development	of	ecological	
agriculture	in	China:	the	case	study	of	Jinshan	County	with	a	systems	dynamics	model.	
Ecological	Economics,	53(2):223-246.	doi:	http://dx.doi.org/10.1016/j.ecolecon.2004.08.006	
Sterman	JD	(2000)	Business	dynamics.	Systems	thinking	and	modeling	for	a	complex	world.	Irwin	
McGraw-Hill,	Boston	et	al.	
Sundkvist	Å,	Milestad	R,	Jansson	A	(2005)	On	the	importance	of	tightening	feedback	loops	for	
sustainable	development	of	food	systems.	Food	Policy,	30(2):224-239.	doi:	
http://dx.doi.org/10.1016/j.foodpol.2005.02.003	
Tilman	D,	Cassman	KG,	Matson	PA,	Naylor	R,	Polasky	S	(2002)	Agricultural	sustainability	and	intensive	
production	practices.	Nature,	418(6898):671-677		
Vennix	JAM	(1996)	Group	Model-Building:	Facilitating	Team	Learning	using	System	Dynamics.	Wiley,	
Chichester	
28	
Yin	X,	Struik	PC	(2010)	Modelling	the	crop:	from	system	dynamics	to	systems	biology.	Journal	of	
Experimental	Botany,	61(8):2171–2183		
Züllich	G,	Dianati	K,	Pedercini	M	(2015)	Integrated	Simulation	Models	for	Sustainable	Agriculture	
Policy	Design.	Global	Sustainable	Development	Report	2015	Brief	
	
